A electroweak theory without spontaneous symmetry breaking is studied in this 
The Standard Model [1] of electroweak interactions is successful in many aspects. In this model spontaneous symmetry breaking is introduced to generate the masses for the W and Z.
So far Higgs has not been discovered yet. On the other hand, a Higgs/Hierarchy problem [2] has been revealed. There are many different attempts [3, 4] trying to solve this problem: W and Z bosons are composite; Higgs fields are bound states of fermions; supersymmetry etc.
The top quark has been discovered in Fermi laboratory [5] , whose mass has been determined to be m t = 173.8 ± 5.2GeV [6] .
(
The value of m t is at the same order of magnitude as the masses of the W and the Z bosons.
As a matter of fact, before the discovery of the top quark there were attempts of finding the relationship between top quark and intermediate bosons by using various mechanism [4] . In this paper we propose a new approach in which the masses of W and Z bosons are generated without spontaneous symmetry breaking. This paper is organized as: 1) Lagrangian and formalism; 2) model of axial-vector symmetry breaking; 3) masses of W and Z bosons; 4) renormalizability of the theory; 5) Ward-Takahashi identity and unitarity; 6) Feynman rules; 7) Phenomenology; 8) summary.
Lagrangian and formalism
The Higgs sector of the Lagrangian of the Standard Model has not been determined yet. In this paper we study the dynamical properties of the Lagrangian without the Higgs sector [7] 
Summation over q L , q R , l L , and l R is implicated respectively in Eq. (2) .
It is necessary to point out that in eq.(2) the boson fields are still elementary fields and the couplings between the bosons and the fermions of the Standard Model remain unchanged, therefore, the success of the Standard Model is kept. In the Standard Model the masses of the W and the Z bosons are via spontaneous symmetry breaking mechanism generated. In this paper we study whether m W and m Z can be generated from this Lagrangian(2) without spontaneous symmetry breaking.
Due to the fermion mass terms the Lagrangian(2) is no longer gauge invariant. Without losing generality, we study the properties of the Lagrangaian of the generation of t and b
quarks. The Lagrangian of this doublet is
where
The quark part of the Lagrangian (3) is rewritten as
where ψ is the doublet of t and b quarks, m =
The mass term,ψmψ, is not invariant under the transformation
Therefore, the charged gauge symmetry is explicitly broken by the quark masses and the charged bosons, W, are expected to gain masses. On the other hand, the quark mass term is invariant under two gauge transformations ψ → e iα ψ and ψ → e iα 3 τ 3 ψ.
The theory should have two massless neutral bosons. One of the two neutral bosons is photon. It is obvious that a new symmetry breaking is needed to make the Z boson massive.
Using path integral to integrate out the quark fields, in Euclidean space the Lagrangian of boson fields is obtained
The real and imaginary parts of the Lagrangian(5) are
It is necessary to point out that D † D is a definite positive operator. In terms of Schwinger's proper time method [8] L Re is expressed as
Inserting a complete set of plane waves and subtracting the divergence at τ = 0, we obtain
After the integration over τ , L Re is expressed as 
Model of axial-vector symmetry breaking
In order to show how the axial-vector field results in a symmetry breaking a model is studied in this section. The Lagrangian of a vector field and a fermion(QED) is
This Lagrangian (12) is invariant under the gauge transformation
Using the Eqs. (10, 11) and integrating out the fermion field, the real part of the Lagrangian without derivatives is obtained
Only n = 1, 2 contribute to the mass term
These two terms cancel each other. As expected, no mass for the vector field is generated.
In analogy with Eq. (12) the Lagrangian of an axial-vector field and a fermion is constructed as
This Lagrangian(15) is invariant under the gauge transformation
The axial-vector field gains mass, therefore, the symmetry is broken. This symmetry breaking is called axial-vector symmetry breaking in this paper.
Comparing with eq. (13), in Eq. (16) there is one term more which is the anticommutator i{γ · a, m}γ 5 . Therefore, the theory of axial-vector field is very different from the vector field. The symmetry in the theory of axial-vector field is broken by the combination of the axial-vector field and the mass of the fermion. The mass of the axial-vector field is generated by this axial-vector symmetry breaking.
Masses of W and Z bosons
In terms of the Lagrangian (11) 
The contributions of the fermion masses to m W and m Z are needed to be calculated to all orders.
Four kinds of terms of the Lagrangian(18) contribute to the masses of the bosons
The Eqs. (19) (20) (21) show that all the four terms contribute to the mass of the W boson.
These results indicate that the mass of the charged boson, W, originates in both the explicit SU(2) L × U(1) symmetry breaking by the fermion masses and the axial-vector symmetry breaking caused by the combination of the axial-vector component and the fermion mass({a µ , m}). Only L 4 contributes to m Z . L 4 is related to {a µ , m}. Therefore, m Z is generated by the axial-vector symmetry breaking. As expected, a U(1) symmetry remains and the neutral vector meson, the photon, is massless.
It is found that the series of the fermion masses are convergent. Putting all the four terms(19-21) together, the Lagrangian of the masses of W and Z are obtained in Minkowski space
where N C is the number of colors and x = (
It is necessary to point out that
In the same way, other two generations of quarks,
, and three generations of leptons
, and
contribute to the masses of W and Z bosons too.
By changing the definitions of m 
{γ · a, m}τ
Taking other two generations of quarks and three generations of leptons into account in Eqs.(24-32) and adding them together, in Minkowski space the kinetic terms are obtained
where q and l stand for summations of generations of quarks and leptons respectively, N = N C for q and N = 1 for lepton, N G = 3N C + 3, x depends on fermion generation and is defined in Eq. (22),
Following results are obtained from Eq. (33) 1. The boson fields and the coupling constants g and g' have to be redefined by multiplicative renormalization
2. There is a crossing term between A 3 µ and B µ , which is written as
, and e =
. Therefore, the photon and the Z fields are needed to be renormalized again
where α is the fine structure constant and
After these renormalizations(35,39), L K (33) is rewritten as 
Using the values g = 0.642 and m t = 173.8 ± 5.2GeV [6] , it is found
which is in excellent agreement with data 80.41 ± 0.10GeV [6] . The Fermi coupling constant is derived from eq.(42)
where m t = 173.8GeV is taken.
Using Eqs. (22, 35, 38) , the mass formula of the Z boson is written as
Comparing with the infinites in Eqs.(45), we have
Due to the smallness of the factor α 4π
in the reasonable ranges of the quark masses and the upper limits of neutrino masses we expect
Therefore,
is a good approximation. Eq. (48) is the prediction of the minimum Standard Model.
Introduction of a cut-off leads to
Taking Λ → ∞, Eq. (46) is obtained. On the other hand, the cut-off might be estimated by the value of the ρ factor. The cut-off can be considered as the energy scale of unified electroweak theory.
Renormalizability of the theory
It has been proved that gauge invariant gauge field theory is renormalizable [9] . However, the Lagrangian (2) is not gauge invariant. We need to study whether the theory described by Eq. (2) is renormalizable. It is well known that some filed theories with symmetry breaking are renormalizable too. The σ model [10] is heuristic to the theory studied in this paper. The
Lagrangian of the σ model is written as [10] 
is invariant under U(1) transformation. However, the U(1) symmetry is broken by a term of dimension one, cσ. It has been shown [10] that the Green's functions of this model are generated by the generating functional of the symmetric theory. The latter is given by
where J σ σ + J π π is U(1) invariant. The Green's functions are calculated in the limits
The σ model is renormalizable [10] .
It has been proved [11] that spontaneous broken gauge theories are renormalizable too.
The Lagrangian(2) studied in this paper is not gauge invariant and it can be rewritten as
where L sym is the gauge invariant part of the Lagrangian(2). The SU(2) L × U(1) symmetry of this theory is broken by operators of dimension three. The generating functional of the Green's functions is constructed by introducing the corresponding source terms. Following
Ref. [11] , the generating functional is constructed as
is the general gauge condition of the A i µ fields, j is the index of the group SU L (2), a j is a constant, F 2 is the gauge condition of the B µ field, and
It is similar to the σ model that L m is introduced as the external source terms of the fermion masses. As an example, for the t and b quark generation it is
where J t,b are external sources and they are doublets of SU (2) Green's functions can be derived from W F [J] under the gauge conditions F 1,2 in the limit
Using these limits, the mass terms of fermions are obtained
For the sake of simplicity, in the study above the CKM matrix has not been taken into account. There is no problem to put the CKM matrix in.
L s is gauge invariant. The expression of the generating functional W F [J](51) of the Green's functions of this theory is in the same form as the one of renormalizable gauge field theories [9] . Therefore, the theory studied in this paper is renormalizable.
It is necessary to point out that if the mass terms of the W and the Z bosons are added to the Lagrangain (2) there is no way to make the theory renormalizable.
The renormalizations of the gauge fields and fermion fields are
and the renormalizations for J t c , J b , and other external sources.
Ward-Takahashi identity and unitarity
In Ref. [11] the Ward-Takahashi identity has been used to prove that the renormalized smatrix is independent of the gauge. Then it follows that the poles in the propagators are spurious and should be cancelled each other. The theory is proved to be unitary. Following
Ref. [11] , the same proof can be done.
. Therefore, there are two Ward-Takahashi identities. Following Ref. [11] , the Ward-Takahashi identities of the theory proposed in this paper can be derived. The Ward-Takahashi identity corresponding to SU(2) L invariance is derived as
where a = (µl) and b = (νk), µ and ν are Lorentz indices, i,j,k,l are the indices of the
which are obtained from the gauge transformation of SU (2) 
F i is the gauge condition and
The Ward-Takahashi identity for U (1) is well known and can be derived in the same way.
Eq.(56) is the same as the one presented in Ref. [11] .
Following Ref. [11] , the Ward-Takahashi identities are used to prove that
is independent of the gauge condition F, where s F is the s-matrix calculated in the gauge condition of F(F means both F 1,2 ), (Z F ) l is the wave function renormalization constant for the lth external line, and Π extends all over the external lines.
It is well known that the ghost fields are associated with the matrix M F which is determined from the gauge condition (59). The spurious poles in the propagators of W and Z bosons come from the gauge term − 1 2
. Therefore, the spurious poles and the ghosts are gauge dependent. On the other hand, it has been shown [11] that the effects of the gauge conditions on s-matrix is a redefinition of the renormalization of the unrenormalized s-matrix [60] . After renormalization the s-matrix is independent of the gauge condition. Therefore, in principle the spurious poles and ghosts should be cancelled out in the s-matrix after renormalization. As claimed in Ref. [11] , this cancellation leads to that the theory studied in this paper is unitary.
Feynman rules
It has been shown in this paper that the masses of W and Z bosons are obtained from the fermion loop diagrams. The Lagrangian of the theory proposed in this paper is written as
where L 0 is the free part of the Lagrangian
L i is the interaction part and L c is the counter part of the Lagrangian. In the L c there are two additional terms
and −ψ q {i∂ · γ − M}ψ q −ψ l {i∂ · γ − M l }ψ l .
The Eq. (63) is used to cancel the mass terms of W and Z generated from the fermion loop calculation and the Eq. (64) is to cancel the fermion mass terms obtained from the corresponding external source terms in W F [J](51,53,54).
Using the R ξ gauge, the propagators of W and Z bosons are derived as
The vertices can all be derived. As a matter of fact, all the propagators, the vertices, and the renormalization constants up to one loop can be found in Ref. [12] by getting rid of Higgs and the parameters related to spontaneous symmetry breaking.
Phenomenology
This theory keeps the success of the Standard Model. On the other hand, the whole Higgs sector of the SM does not exist in this theory. This difference leads to new phenomenology of electroweak interactions. Detailed phenomenological study is beyond the scope of this paper.
Summary
In the Lagrangian (2) On the other hand, following Refs. [9, 10, 11] , the theory is proved to be renormalizable.
The Ward-Takahashi identity is derived and used to prove that the renormalized s-matrix is gauge independent and the spurious poles and ghosts should be cancelled out. The theory is unitary. The Feynman rules of this theory are presented.
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